Reprints: Reprints will not be available. Introductionadverse maternal and neonatal outcomes, and is associated with high rates of both 66 instrumental delivery and cesarean section [1] . While some women will 67 spontaneously deliver a malpositioned fetus, most require obstetric intervention [2] . 68
In cases of persistent malposition, the obstetrician must choose between a potentially 69 difficult rotational instrumental delivery and a second-stage cesarean section. 70
71
Instrumental rotation of the fetal head has fallen out of favor in modern obstetric 72 practice in much of the world, despite data showing low complication rates [3, 4] . It 73 has recently been demonstrated that, while the majority of obstetricians considered 74 rotation of the fetal head to be an acceptable intervention (97%), less than half (41%) 75 had performed it within the previous year [5] . Second-stage cesarean section is an 76 increasingly common alternative [6] , but carries a significant burden of maternal 77 morbidity [7, 8] . 78
79
A small number of studies have compared the morbidity associated with different 80 instruments used to effect rotational delivery, and have found low prevalence of 81 adverse maternal and neonatal outcomes, as well as increased risk of some adverse 82 events with emergency cesarean section [9] [10] [11] . However, any comparison of delivery 83 outcomes by rotational instruments versus second-stage cesarean section must 84 confront the possibility that obstetricians systematically select more difficult cases for 85 cesarean section, thereby introducing a selection bias. This study has two main 86 objectives: first, to illuminate the factors that make an attempt at rotational 87 instrumental delivery more likely, by modeling the obstetrician's decision-makingventouse. Ventouse devices available in the unit include posterior and rotational metal 115 cups, silastic cups, and Kiwi Omnicups. Of the 334 successful instrumental deliveries, 116 62.0% (n=207) were conducted with Kielland's forceps and 38.0% (n=127) using 117
ventouse. 118 119
Data regarding each woman's pregnancy, labor, and delivery were recorded by 120 midwives shortly after birth, and were subsequently obtained from the hospital's 121
Protos data-recording system. The database is regularly validated by a rolling 122
program of audits where the original case notes are checked against the information 123 recorded in the database. No patient-identifiable data were accessed during this 124 research, which was performed as part of a provision-of-service study for the 125 obstetrics center. Individual medical records were not accessed at any stage. 126
Institutional Review Board approval was therefore not required. 127
128
Characteristics of the materno-fetal dyad were extracted from the database, including 129 maternal age (at time of delivery), BMI (at first-trimester prenatal booking), parity 130 (prior to delivery), ethnicity, and birth-weight to the nearest gram. Also recorded were 131 8 sampling result, evidence of sepsis) and those where delivery was undertaken on other 139 grounds (including failure to progress in second stage and maternal exhaustion). 140
Deliveries were conducted under regional anesthesia (epidural or spinal), excepting a 141 small number who required general anesthetic because of time constraints or failure 142 of regional anesthesia during the procedure. 143
144
The level of experience of the obstetrician attempting delivery and the time at which 145 the delivery took place were also recorded. Obstetricians were classified into three 146 types using years of training as a proxy for experience. cesarean-section groups is complicated by the fact that obstetricians may 175 systematically select more difficult cases for cesarean section. This selection bias may 176 involve physicians' own training and experience, their immediate concern for fetal 177 well-being, and anticipated fetal weight. An extensive set of these assignment-related 178 variables are available in our data set, allowing us to explicitly model the 179 obstetrician's decision-making process. This allows us to use propensity-score 180 stratification to adjust for factors that influence the decision to move towards cesarean 181 section. Propensity-score stratification involves two stages. First, we build a 182 statistical model for the treatment assignment (instrumental versus cesarean delivery), 183
given a suitable set of predictors. The propensity score is the predicted probability of 184 receiving the treatment derived from this first model. We then build a second set of 185 models to estimate the effect of the treatment on each clinical outcome of interest, 186 conditional on subjects' propensity scores. This approach generates a balanced cohorttreatment status. For the purpose of estimating treatment effects, it is typically more 189 robust than standard regression modeling, and may be formally justified under the of covariates between cases of rotational instrumental delivery and cesarean section 212 delivery checked within each quintile to verify that no significant differencesremained. Adverse maternal and fetal outcomes were then modeled using linear and 214 binary logistic regression, including the type of delivery and dummy variables for the 215 propensity score quintiles as predictors. Findings were considered statistically 216 significant at an alpha level of 0.05. Power calculations were performed by Monte 217
Carlo simulation. All data analysis was conducted using the R statistical software 218 package version 2.14.1. instrumental-delivery and cesarean-section groups (Table 1) . Women in the cesarean-227 section group were more likely to be older (p<0.01), to have higher BMI (p<0.001), 228
and to have babies with higher birth-weights (p<0.01). In terms of events surrounding 229 delivery, women in the cesarean-section group were more likely to have had a 230 delivery involving evidence of fetal compromise (p<0.001), to have been delivered 231 during the night (p<0.01), and to have been delivered by a less experienced 232 obstetrician (p<0.001). 233 234 Table 2 shows the results of the logistic regression predicting assignment to rotational 235 instrumental delivery (the "treatment"). Lower birth-weight (p<0.01), lower maternal 236 age (p<0.01), lower maternal BMI, (p<0.001), higher parity (p<0.1), absence of 237 evidence of fetal compromise (p<0.001), delivery during the daytime (p<0.05), andincreased experience of obstetrician (p<0.001) are all significant predictors of 239 assignment to rotational instrumental delivery. 240
241
The balance of covariates between the two groups was then checked within each 242 propensity-score quintile. There were no significant differences between the groups 243 on any covariates in any of the quintiles. The results for the fourth quintile are shown 244 as an example ( Table 3 ); note that the propensity score quintiles are based on the 245 combined groups. The characteristics of the materno-fetal dyad are now much more 246 similar across the two groups than they were before stratification (c.f. Table 1) . 247
248
Unadjusted comparison of delivery outcomes (Table 4) showed that a higher 249 percentage of deliveries in the cesarean-section group was associated with a critical 250 incident at the time of delivery (p<0.01) and increased estimated blood loss (491.6ml 251 v. 792.5ml, p<0.001). As expected, there were a number of infants with shoulder 252 dystocia (2.7%) and severe maternal perineal trauma (3-4 th degree tears; 6%) in the 253 rotational-instrumental group. In the cesarean-section group, 9.4% required 254 administration of general anesthesia. 255 256 Table 5 shows the associations between mode of delivery and adverse maternal and 257 neonatal outcomes following propensity-score adjustment. As a robustness check, 258 results are shown both with and without the failed instrumental deliveries included in 259 the rotational-instrumental cohort, and are very similar in both cases. There were no 260 differences between deliveries preformed by rotational instruments versus cesarean 261 section in the time to neonatal respiration, reported critical incidents associated with 262 the delivery, or likelihood of fetal umbilical arterial pH of <= 7.1. The estimatedthe likelihood of sustaining >1500ml estimated blood loss was lower in the 265 instrumental group (OR 0.24, p<0.01). Power calculations showed that, at a Type-I 266 error rate of 5%, we have at least 80% power to detect odds ratios outside the interval 267 (0.54, 1.85) for binary outcomes, and to detect blood-loss effect sizes of at least 135 268
milliliters. 269 270

Comment 271
After propensity-score adjustment, instrumental delivery does not appear to be 272 associated with worse maternal and neonatal outcomes. If anything, it offers a 273 significantly lower risk than cesarean section of postpartum hemorrhage. We found 274 no difference in delay to neonatal respiration following instrumental delivery, and no 275 clinically significant difference in the risk of a low fetal arterial pH. We also 276 demonstrate systematic differences between women who are assigned by obstetricians 277 to rotational instrumental delivery versus second-stage cesarean section. These 278 differences include lower birth-weight, lower maternal age, lower BMI and higher 279 parity. Obstetricians are also more likely to undertake rotational instrumental delivery 280 when they have more experience and when working during daylight hours (which 281 may reflect the availability of immediate back-up from more experienced colleagues). outcomes of such attempts do not appear to be worse outcomes than proceeding 290 directly to cesarean section [19] . 291
292
The main strength of our study is its methodological robustness in addressing 293 selection bias. Systematic differences between delivery groups are likely to affect any 294 observational study, complicating any attempt to compare maternal and neonatal 295 outcomes using standard regression analysis. The use of propensity-score 296 stratification, a technique that is becoming more widely used in obstetrics [20, 21] , 297 offers major advantages in this context. In particular, as long as the covariates can be 298
shown to be properly balanced after stratification, the subsequent estimate of the 299 treatment effect does not rely upon the precise mathematical relationship between the 300 outcome and the covariates. This stands in strong contrast to standard regression 301 analysis: when the covariates are heavily imbalanced between the groups, as they are 302 in our data set, all treatment effects estimated by regression depend upon the specific 303 form of the model, and are not robust to violations of standard assumptions, such as 304 linearity, separability of covariate effects, and homoscedasticity [22, 23] . 305
306
The main limitations of our study include the inability to distinguish between 307 different fetal malpositions (occipito-posterior, occipito-transverse etc.), and the lack 308 of sub-division of the cohort to distinguish between deliveries conducted using 309 rotational forceps and ventouse. While these data are available, a further sub-cohort 310 analysis has not been performed, as sample sizes would be insufficiently large to 311 allow adequate propensity-score stratification between groups. Additionally, we did 312 not have information about attempts at manual rotation, as these are not routinelyrecorded in our database. Another limitation is the lack of information about caput, 314 molding, and station. We were thus unable to account for the influence of these 315 subjective but important variables in the decision-making process. We were also 316 unable to control for the presence of maternal diabetes. Our study documents adverse 317 maternal and neonatal outcomes at birth; however, we lack the follow-up data to 318 ensure that there is no excess of late adverse outcomes in either group. Existing data 319 suggest that there is no evidence of increased adverse neurodevelopmental outcomes 320 in neonates following instrumental delivery [24] . Additionally, data are collected 321 shortly after delivery, and therefore do not include information on length of stay in 322 hospital, either for the mother or the neonate. simulator-based training has been developed and may help fulfill some learning needsin the decision to perform rotational instrumental delivery in the face of persistent 340 malposition. Our analysis shows that higher maternal weight and age, the expectation 341 that the fetus is large, and the presence of fetal distress all make the choice of 342 cesarean section more likely. However, once we adjust for these factors, it does not 343 appear that rotational instrumental delivery is associated with a higher rate of adverse 344 
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